The cyclohexane (Ch) extracts of the roots of five Greek endemic Boraginaceae plants, Onosma kaheirei Teppner, O. graeca Boiss., O. erecta Sibth. & Sm., Alkanna sfikasiana Kit Tan, Vold and Strid and Cynoglossum columnae Ten, were investigated for the presence of alkannin/shikonin-related compounds. All species,s except C. columnae and O. erecta, were found to contain this type of compounds. Seven compounds were obtained after several chromatographic separations from the Ch extracts of the investigated plants: deoxyalkannin (1), 2΄΄-(S)-α-methylbutyrylalkannin (2), isobutyrylalkannin (3), propionylalkannin (4), acetylalkannin (5), β-hydroxyisovalerylalkannin (6), and β,β-dimethylacrylalkannin (7). All structures were identified by 1D 1 H-/ 13 C-and 2D NMR spectroscopy, assisted also by ESI-MS. The extracts and the isolated compounds exhibiting an interesting antimicrobial profile when evaluated for their antimicrobial activity against six Gram-positive and -negative bacteria and three human pathogenic fungi.
Boraginaceae is a family of herbs, shrubs and trees with a cosmopolitan distribution. The family comprises ca. 130 genera and 2300 species, occurring mainly in Europe (especially in the Mediterranean region) and Asia [1a, 1b] . Naphthoquinones are lipophilic red pigments that occur typically in the external layer of the roots of Boraginaceae as derivatives of the enantiomeric compounds alkannin and shikonin (A/S). They are responsible for the multiple pharmacological activities, which range from wound healing to anti-inflammatory, antimicrobial, antitumor, antithrombotic and antiviral properties [2a-2c] .
In the framework of our research on the Boraginaceae family [1b, 3a-3c] we report herein the comparative analysis of the naphthoquinone contents of five Greek endemic plants, three of which belong to the genus Onosma (O. kaheirei Teppner, O. graeca Boiss. and O. erecta Sibth. & Sm.) , while the two others are: Alkanna sfikasiana Kit Tan, Vold and Strid and Cynoglossum columnae Ten. To the best of our knowledge, there are no previous phytochemical reports in the literature on their naphthoquinone content, except for O. kaheirei that has been previously published by our team [1b] . In a previous report on Greek Alkanna species [4] only alkannin derivatives were found, while from international bibliographic data Onosma species are characterized by shikonin derivatives [5] . C. columnae, O. kaheirei and O. erecta are annual Boraginaceae species of the Mediterranean region [6] .
Qualitative phytochemical analysis of cyclohexane (Ch) extracts of the above plants resulted to the isolation of seven naphthoquinones (Table 1) , while the same (Ch) extracts of O. erecta and C. columnae were shown to be free of these compounds. Our results concerning the existence of alkannins in the studied Greek plants are in accordance with the bibliography, as it confirmed that all Boraginaceous species that are growing in Europe contain mainly alkannin derivatives, whereas those growing in Asia contain mainly shikonin derivatives [4] .
C. columnae seeds from Greece were cultivated in Poland and the roots were treated as wild plants. Previous work on root samples of Alkanna species cultivated from seeds collected from wild populations in Greece showed no difference in A/S compounds compared with those obtained from the wild ones [4] . So, it can be safely claimed that wild C. columnae is free of A/S pigments. In addition, the plant extracts, as well as the isolated A/S pigments, were evaluated for their in vitro antimicrobial activity against two Gram-positive and four Gram-negative bacteria, as well as against a panel of three human pathogenic fungi (Table 2 ).
According to our results the Ch extracts showed a very interesting broad antimicrobial profile against all the assayed microorganisms and it appeared that the extracts of O. graeca and A. sfikasiana exhibited the strongest activities, probably due to their high content of naphthoquinones. Among the tested naphthoquinones, β-hydroxyisovalerylalkannin (6) mg/mL against all microorganisms, while all the isolated compounds followed a ranking for their antimicrobial activities of : Advance III and Bruker AC200 spectrometers, respectively, using CDCl 3 as solvent. High resolution mass spectra (HRESI+) were recorded on a Thermo Scientific LTQ Orbitrap Discovery mass spectrometer, using the infusion method. The stationary phases used for column chromatography were silica gel 60H (< 45 μm, Merck) and flash silica gel (0.040-0.063 mm, Merck). TLC plates (Kieselgel 60 F 254 ) were purchased from Merck Chemical Co. Zones on TLC plates were detected under UV light (254 and 366 nm) and after spraying with a solution of vanillin, followed by heating at 105°C for 5 min. HPLC grade solvents were used. 
Extraction and isolation:
Roots were ground to powder and successively extracted with Ch. A portion of the Ch extract (0.66 g) of A. sfikasiana was subjected to column chromatography (CC), eluting with Ch/EtOAc mixtures of increasing polarity, to afford 3 (164.7 mg) and 2 (14.1 mg). The Ch extract (0.4 g) of O. graeca was also fractionated by CC eluting with Ch/CH 2 Cl 2 mixtures of increasing polarity, affording 1 (6.0 mg), 4 (2.5 mg), 5 (20.8 mg) and an inseparable mixture of 2, 3 and 7 (29.3 mg). Extraction and isolation of compound 3 from O. kaheirei is fully described by Orfanou et al. [1b] .
Finally, the Ch extracts of O. erecta and C. columnae did not appear to contain alkannin/shikonin type secondary metabolites. Compounds 1-7 were deep red semi-solids; their 1 H-(400 MHz, CDCl 3 ) and 13 C-NMR (50 MHz, CDCl 3 ) spectra were in accordance with the literature [3a, 7] .
Antimicrobial bioassay: Nine microorganisms, 2 Gram-positive bacteria: Staphylococcus aureus (ATCC 25923) and S. epidermidis (ATCC 12228), four Gram-negative: Escherichia coli (ATCC 25922), Enterobacter cloacae (ATCC 13047), Klebsiella pneumoniae (ATCC 13883) and Pseudomonas aeruginosa (ATCC 227853) and three yeasts Candida albicans (ATCC 10231), C. tropicalis (ATCC 13801) and C. glabrata (ATCC 28838) were assayed, using standard antibiotics. 
